6 were greater in L3 vs. L2 (L3: 5.63 ± 0.10 vs. L2: 5.38 ± 0.10 respectively; P=0.029).
23

Conclusions
24
Higher MD scores at baseline were associated with healthier lifestyles and lower adiposity. 25 Following the intervention, MD scores were greater in individuals randomized to PN 26 compared with the Control, with the addition of DNA-based dietary advice resulting in the 27 largest differences in MD scores. Although differences were significant, their clinical 28 relevance is modest. 29 
INTRODUCTION
30
The burden of non-communicable diseases and obesity has grown rapidly in the past 30 31 years (1), with poor lifestyle choices, including unhealthy dietary patterns and increased 32 sedentary behaviors, as the primary causes (2) . Diets with high intakes of energy-dense and 33 high-refined carbohydrate foods, are associated with obesity and type II diabetes (3, 4) . In 34 contrast, the Mediterranean diet (MD), characterized by low intakes of sugary snacks and 35 beverages, and high intakes of fruit and vegetables has been consistently associated with a 36 beneficial effect on health (5), including non-communicable diseases (6, 7) and obesity 10). In addition, randomized controlled trials (RCTs) show that MD-based interventions 38 reduce risk of cardiovascular disease in both primary and secondary prevention studies (11, 39 12). 40 Several approaches for scoring the MD have been developed (13, 14) , including the 41 PREDIMED 14-point score (15, 16) . The latter identified 14 dietary components that best 42 characterized the MD and demonstrated that higher MD scores were associated with up to 43 30% lower incidence of cardiovascular events (15, 17) . Based on such evidence, there is 44 strong reason to believe that changing dietary intakes so that they align better with the MD 45 would produce substantial public health benefit (18) . However, achieving such changes may 46 be challenging with current intervention strategies using "one size fits all" approaches, 47 which have shown limited effect on population-level disease and obesity prevalence (1). 48 Alternative strategies for facilitating improvements in diet and lifestyle include personalized 49 nutrition (PN) approaches (19, 20) . PN interventions are tailored to key characteristics of the 50 individual participants, including current diet, phenotype and genotype. Although genetic-51 based personalized interventions designed to change risk behaviors (e.g. smoking and diet) 52 have shown mixed results (21) , recent genetic-based PN interventions have demonstrated 53 encouraging changes in dietary behaviors (20, 22) . Furthermore, internet-based dietary 54 interventions offer the advantage of being scalable and more cost-effective than face-to-55 face interventions (23) . The Food4Me proof-of-principle (PoP) study was the first internet-56 based study to demonstrate that PN advice was more effective in improving dietary intakes, 57 including lowering intakes of red meat and improving diet quality when compared with 58 conventional "one size fits all" population-based advice (24). Given that the MD is widely 59 recognized as a healthy eating pattern, in this analysis we used the MD score an external 60 (objective) reference to investigate whether internet-based PN advice improved the 61 "healthfulness" of participants' diets. 62 The Food4Me PoP study was a 6-month, internet-based, PN intervention across 7 European 
METHODS
68
Study design 69 The Food4Me PoP study (25) was a 6-month, 4-arm, internet-based, randomized controlled 70 trial (RCT) conducted across 7 European countries, designed to compare the effects of 71 personalized dietary and physical activity advice with generalized advice in changing dietary 72 and lifestyle behaviors (26) . The intervention was intended to emulate a "real-life" internet- 73 based PN service, where all advice was delivered via the internet. Participants were recruited 74 to the intervention study via the Food4Me website (25) healthy eating guidelines and ii) whether personalization based on individualized phenotypic 84 or phenotypic and genotypic information was more effective in assisting and/or motivating 85 study participants to make, and to sustain, appropriate healthy changes, than personalization 86 based on diet alone. To address these aims, participants were randomized to one of four 87 intervention arms using an urn randomization scheme (27) Intakes were assessed using a standardized set of recommendations (26) (30) . 166 Adherence to the MD was estimated based on the PREDIMED 14-point criteria (11, 16) 167 (Supplemental Table 1 ). FFQs at baseline and month 6 were used to derive each of the 168 following criteria: higher intake of olive oil than other culinary fat, higher intake of white 169 meat than red meat, high intake of fruit (including natural fruit juice), vegetables, olive oil, 170 legumes, nuts, fish, wine and tomato-based sauces and a limited intake of red and 171 processed meats, fats and spreads, soft drinks and commercial bakery goods, sweets and 172 pastries (11) . Participants scored 1 point for each of the 14 criterion they met and 0 for each 173 they did not meet; points were summed to create an overall MD score, ranging from 0-14 174 (16) . A dichotomous variable for MD score was created: "Low" (operationalized as a score 175 ≤5) and "High" (score >5) based on a median MD score of 5 at baseline. identify genes that may be driving any added benefit of providing genetic information.
226
Participants were coded "0" for no copies of the risk allele, "1" if they had one copy of the 227 risk allele and "2" if they had two copies of the risk allele for each gene. A second variable 228 was generated to indicate if an individual had no copies ("0"), one copy ("1") or two copies 229 ("2") of the risk genotype for any of these genes. Results were deemed significant at P<0.05. 
RESULTS
232
A total of 1607 participants were randomized into the intervention. Following dropouts Table 5 ).
295
To understand the influence of genetic risk on MD score at month 6, analyses were stratified 296 by non-risk and risk carriers for each of the 5 genes. For FTO and MTHFR genes, MD score at 297 month 6 was higher in individuals randomized to PN compared with the Control in risk-298 carriers only. The effect of PN on MD score at month 6 was similar for risk and non-risk 299 carriers for APOE and TCF7L2 but was only significant for non-risk carriers of FADS1 300 (Supplemental Table 6 ). As summarized in Supplemental showed that in participants with two copies of a risk allele of any of the 5 genes, MD scores 306 at month 6 were greater between participants randomized to PN (mean L1, L2 and L3) than 307 those randomized to Control (5.69 ± 0.11 vs. 5.14 ± 0.08; P<0.001; data not shown). 308 However, no significant differences in MD between PN and Control were observed in 309 individuals carrying one or no copies of the risk alleles for any of the 5 genes and no 310 significant differences between levels of PN were observed (data not shown). 
Strengths and limitations
371
The present study had a number of strengths. Our participants were drawn from 7 European 
379
A limitation of our study is that data were self-measured and self-reported via the internet, 380 which may have introduced measurement error. Nonetheless, the accuracy of internet-381 based, self-reported anthropometric have been confirmed in our study (37) . Dietary intakes 382 were estimated by a FFQ which is subject to misreporting error (46) but this was minimized 383 by prior validation against a 4-day weighed food record (31) . Small sample size limited our 384 power to investigate the effect of individual genes in the present study. Additionally, 97% of 385 our study participants were Caucasians and thus research in wider ethnicity groups is 386 required to generalize our findings to other populations. Our sample is a self-selected group 387 of individuals, who may be more health-conscious than the general population. However, 388 characterization of the profile of our participants suggests that they would benefit from 389 improved diet and PA (47) . Furthermore, the Food4Me PoP study did not aim to change MD 390 scores specifically, rather overall diet, which may indirectly have improved MD scores. 3, Low Mediterranean diet (MD) score: ≤5 4, High Mediterranean diet (MD) score: >5 5, Multiple linear regression and logistic regression were used to test for significant differences between groups in continuous and categorical variables, respectively. Analyses were adjusted for age, sex and country. 6.9 5.5 9.0 0.06 1, Values represent means ± SD or percentages; MD, Mediterranean diet; EI, energy intake; BMI, body mass index; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids 2, Low Mediterranean diet score: ≤5 3, High Mediterranean diet score: >5 4, Multiple linear regression were used to test for significant differences between groups and were adjusted for age, sex and country. Level 0 "Control" n=387
Level 1 n=414
Level 2 n=404
Level 3 n=402
Completed the study n=312
Completed the study n=325
Completed the study n=321 Dropouts immediately after being randomized n=27 Dropouts immediately after being randomized n=41 Dropouts immediately after being randomized n=28 Dropouts immediately after being randomized n=31
Lost to follow up n=48
Lost to follow up n=61
Lost to follow up n=53
Lost to follow up n=50
Participants who registered online for the Food4Me Study n=5562
Participants randomised into one of the 4 arms on the intervention n=1607 adjusted means ± SE; contrast analyses were used to test for significant differences between groups; linear mixed models were adjusted for baseline age, sex and country. L0, Level 0 -Control, generalized advice; L1, Level 1 -personalized advice based on diet alone; L2, Level 2 -personalized advice based on diet and phenotype; L3, Level 3 -personalized advice based on diet, phenotype and genotype. adjusted means ± SE; linear mixed models were used, with contrast analyses to test for significant differences between groups. Analyses were adjusted for baseline age and sex; L0, Level 0 -Control, generalized advice; L1, Level 1 -personalized advice based on diet alone; L2, Level 2 -personalized advice based on diet and phenotype; L3, Level 3 -personalized advice based on diet, phenotype and genotype adjusted means ± SE; contrast analyses were used to test for significant differences between groups; models were adjusted for baseline age, sex and country. L0, Level 0 -Control, generalized advice; L1, Level 1 -personalized advice based on diet alone; L2, Level 2 -personalized advice based on diet and phenotype; L3, Level 3 -personalized advice based on diet, phenotype and genotype. adjusted means ± SE; linear mixed models were used, with contrast analyses to test for significant differences between groups. Analyses were adjusted for baseline age, sex and country; L0, Level 0 -Control, generalized advice; L1, Level 1 -personalized advice based on diet alone; L2, Level 2 -personalized advice based on diet and phenotype; L3, Level 3 -personalized advice based on diet, phenotype and genotype. Risk carriers were defined as carrying one or two copies of the risk allele, while non-risk carriers carried no copies of the risk allele. adjusted means ± SE; contrast analyses were used to test for significant differences between groups and were adjusted for baseline values; L0, Level 0 -Control, generalized advice; L1, Level 1 -personalized advice based on diet alone; L2, Level 2 -personalized advice based on diet and phenotype; L3, Level 3 -personalized advice based on diet, phenotype and genotype. Risk carriers were defined as carrying one or two copies of the risk allele, while non-risk carriers carried no copies of the risk allele.
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